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IN THK I INITfc'D STATES PATKNT AND TRADEMARK. OFFICE 

Applicant: Barberich et al. 

Serial No.: 09/854,065 Group Art Unii: 1625 

Filed: May 1 1, 2001 Examiner: Denlz, Bernard I. 

Tirlc: S-LANSOPRAZOUE COMPOSITIONS AND METHODS 

INTERVIEW SUMMARY 

To: Assistant Commissioner Tor Patents 
Washington, DC. 20231 

Dear Sir: 



This is a summary of an interview held in the office of Examiner Bernard Denl:/, at the 
USPTO on January 7, 2003. In addition 10 Examiner IDcnlz, those participating in I he interview 
were Dr. Thomas R. Waglcr, Director of Chemical Process R&D Outsourcing and Services at 
Scpracor Inc., Marlborough, Massachusetts; James C, Kellerman, Corporate Intellectual Property 
Counsel, Sepracor Inc., Marlborough, Massachusetts; and Philip C, Hansen, agent of record in 
Ibis case. 



Mr. Hansen opened the interview by outlining ihe present status of the case and 
explaining Ihe purpose of the interview. The invention that is claimed in the application is a 
method of trailing ulcers, GRRD, gastric hypersccrelion and psoriasis with S-(-)-lansopra/o|e. It 
is of considerable importance to Sepracor. Applicants hoped to convince the examiner that ( 1 ) 
the 1 02(b) rejection was inapposite and thai (2) a prima fucie case of obviousness had not been 
established for the 103(a). rejection. . _ .- 

The claims stand rejected over Larsson PCT application WO967025353. Larsson 
describes the synthesis of S-(-)-liinsopra/.ole by the tan rale catalyzed peroxidation ofa Ihioether 
to a sulfoxide. The S-H-lnnsoprazolc is produced as an oil. Klscwhcrc in the PCT application, 
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Larsson says rhat the single cnnnliomcrs produced by his melhod *Tnay he convened in 
pharmaceuiically acceptable sails" which may he "used in medicine". There is no actual 
description of die S-(-)-lansopra?.olc oil being converted to a salt or being administered to a 
human. Mr. Hansen urged that in light of the absence of any disclosure of S-(-)-lansopra20lc 
actually being administered to a human, there was no anticipation ofapplicants' claim U> a 
method of admini.sLering S-(-)-lansopr;tzole io a human. During a course of later discussion, both 
(he Examiner and the applicants agreed ihat the studies that exist in the literature involve the 
administration of the racemic lansoprazole and the identification of individual cnantiomcrs in the 
blood. Although I here is u report of rhe aciiviiy of S-H-lnnsoprnzole in isolated dog parietal 
cells, neither applicants nor the examiner are aware of any reports of the administration of S-(-J- 
lansopra/.ole io a whole animal. In light of this, Mr. Hansen urged thai the rejection under 102 
was inapposite. 

Discussion then lumed Io the 103 rejection over von Uiific PCT application 
WO97/02261 . Von Unge's example 1 1 is a more detailed description of f .arsson's example 21 , 
which used the enrichment crystallization described in von Unge. Von Unge makes the further 
observation that fc ihe single ennnliomers of pharmacologically active compounds have met an 
increased interest in last years because of improved pharmacokinetic and biological properties." 
This is a general observation in keeping with Ihe state of the art, but it imparls no special 
information about lansoprazole. Therefore, what von Unge adds lo the general slate of the art is 
Ihat one can make each of the enantiomers of lansoprazole. Beyond that, there is only an 
invitation to experiment*. To provide some perspective on why (his invitation to experiment 
— _ would not be perccived-by the person of-skiil inthc art as a motivatioirto separate "the ' " 
unanliomers, Mr. Hansen introduced Dr. Waglcr. 

Dr. Waglcr outlined his background and expertise, then began by summarizing thai 
developing a single enamionier of a rncemic drug for therapy is complicated and expensive. 

N:\l IS|:UNMr/IM SLpruLuiWn? 1 1 .1010 t J IOV)701 1 1 ^finii'ricu summary il.v 
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Unless (he person of skill expects a clear advantage, he/she would not he motivated to undertake 
the studies necessary io develop a single enanliomer. Dr. Wagler outlined ihe technological 
problems in general and those specific io S»(-)-lansopra2ole. 

Several techniques are available fur obtaining single enantiomcrs ofchiral molecules. 
Techniques thai begin from a racemie mixture of isomers include physical separation by 
chromatography, classical separation by crystallization and enzymatic resolution. Separation of a 
racemate is usually unattractive because 50% of the very valuable mcemic material is wasted. 
Single enaiiliomers may also he obtained by synthesis, either by beginning with a compound that 
is available naturally as a single isomer or by asymmetric synthesis using a reagent that imparls 
chiraliiy. Tn Iheory. synthetic methods are more attractive than separation because one can, in 
principle, obtain yields above 50%. 

Chiral chromatography is generally noL attractive on more than milligram scale. Yields 
above 45% are seldom encountered; the cost of the stationary phase is usually quite high and the 
stationary phase has a limited useful life. Chromatography on a scale for clinical studies requires 
enormous amounts of solvent, which, in the case oforganic solvents leads io high initial cost and 
to waste disposal problems. Separation is limited by the ability oTavailable stationary phases to 
resolve the particular isomers oi'interesl, anil there is usually a trade-off between enantiomeric 
excess and yield. Finally, chromatography ns a final step of a synthesis of an active ding 
principal presents problems because ofihe impurities that commonly bleed off columns after 
repeated or prolonged use. 

Classical resolution by cliaslereouieric salts, like chiral chromatography, limits the 
maximum yield to a theoretical 50%. In practice, 50% yield is never achieved in a simple 
resolution without recycling the undesired isomer through a racemization process. The method is 
further limited in thai only acidic or basic materials can be resolved by their diastereomeric salts. 

N:\USPkS\D70l Si:p,^:u,\Cl70l 1 1 .HVm PTO,n70l 1 I M 'ink-iitfwj.umniflo.i1iv 
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Lansoprazole presents particular problems in this regard. The compound is basic, but exposing it 
lo acid to form a sail induces a rearrangement of the sulfoxide to form an achiral pyridimum 
sulfanamide. The skilled arlisan would expect That finding an appropriate acid lo resolve 
lansoprazole would be difficult at best, and there is no guarantee it is even possible. The 
problem has been partly circumvented in the ease of omeprazole hy preparing a neuiral 
diastcreunioric uminoacelal and carrying out the resolution on I he aminoacetal, then hydrolyzing 
the aceUil. However, this method suffers from some very .serious disadvantages. 

PCT application WO 97/02261 (von Unge) describes a variation on the crystallisation 
theme. In this case, a nnn-raccmic mixture of Ihe isomers of lansoprazole is crystallised from 
acctonitrilc. The racemate is ihe least soluble component and crystallizes out preferentially, 
leaving a mother liquor substantially enriched in whichever enanliomcr predominated in the non- 
racemic mixture. This is also noi a practical process. It requires a synthetic route to a non- 
racemic mixture ofcnanliomers; it provides poor yields from a very dear starling material; and 
the product still has to be crystallized in a subsequent step. 

Unzymalic resolution is described in PCT application WO 96/17077 (Graham) for 
producing single enantiomers ofstilfoxide proton pump inhibitors. The enantiomeric excess was 
only 58%, and the reaction had lo be carried out at a substrate concentration of 0.1 g per liter 
(0.01%). The low concentration leads lo expensiv e, complex recovery processes, large amounts 
of waste to dispose of and, in the case of lansoprazole, a product of very low optical purity. 

.Synthesis dc-novo troin the ehiral pool available in nature is limited tcf compounds! hat 
can be derived by a convenient synthesis from cheaply available natural starting materials. There 
are no such syntheses or starting materials for any proton pump inhibitors. 
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Asymmetric synthesis is generally the most auraclivc route for obtaining single 
enantiomers of synthetic materials. PCT application WO 96/02535 and its US counterpart, US 
patent 5,948,780, describe a chiral oxidation of the sulfide precursor of lansoprazole to 
lansoprazole. The process provides a 29" (1 yield of S-lansopray.olo, as an oil, after 
chromatography and repeated crystallisation from aceioniirile. II would still have lo be 
processed further to provide n medicament thai could be administered to humans. 

At this point, there was a hriefdiscussion in which Examiner Dcntz inquired about how 
the applicants make S-(-)-lansopra'/ole and whelher Ihey could make a showing. Mr. Kellerman 
indicated that clinical trials to make the showing are very difficult, time-consuming and 
expensive. Applicants have reason to bclie\ e that S-(-)-lansoprazole is superior to the racemule, 
hut there are no results of clinical trials. At present, applicants must rely on their assertion thai 
no prima facie case of obviousness has been made. 

Mr. Hansen summarized applicants 1 presentation. While the pure enantiomers of 
lansoprazole are known, there are no good processes for producing them on a scale suitable for 
assessing the possible clinical advantages of one enanliomer. This is a very high motivarional 
hurdle for the person ofskill contemplating whether to try such experiments. 

Under other circumstances and relating to other racemic drugs where nothing is known 
about the individual enantiomers, the question of motivation of the skilled artisan to try the 
claimed invention might be more equivocal. Lansoprazole, however, is not a case where the 

literature was silent, and where the pcrson of skilhui^ - — 

properties of the enantiomers. Mere, the literature expressly taught the complete therapeutic 
equivalence of die two enantiomers. At the time of applicants' filing, the person of skill "knew" 
from Hie liieniiurc thai experiments to demonstrate an ad vantage of one or the other ciiaiiiiouier 
would fail! This is a case where the person of skill clearly would have a very high hurdle (as 

N:\US l:RS\n7f)1 SqirWOVOI I I3C VIO P ['O\07fJ| 1 1 M 'iiiimcwsuiuiiw} iLu 
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explained by Dr. Wnglcr) and no motivation. Applicants urge that, under those circuitistauccs, a 
prima facte case of obviousness docs not exist. 



Dr Wagler, Mr. Kellcrman and Mr. Hansen thanked Examiner Dent/, for his lime and 
attention and the invemew was concluded. 



Dated: January 13, 2003 

HESI.TN ROTHENBERG FARLBY & MPSITI. P.O. 
5 Columbia Circle 
Albany, New York 12203 
Telephone: (5 IS) 452-5600 
Facsimile: (518)452-5579 



Respect fully submitted, 



I 'hi lip K. Hansen 
Agent for Applicants 
Reg. No. 32,700 




N.\USUUS\(>70| SupracortOTOI I I JCVIO n()\(l70| I I JCmuiriL-itta.mnutwIiv 
January 1 1, Jfliij 
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Pharmacokinetic Differences Between 
Lansoprazole Enantiomers in Rats 

KaZUIUKO AKIMOKK KAZUTO YA.SUIJa, HISAKA/.U KAT.SU Kl A N II MAS AMI KO NAkANO 
Department of Phannucy. Kumamoto University Hospital, /-/-/ Honjo, Kwnumota $60-8556, Japan 



Because limited information is available lib mil polcnlial differences hciwccn I he pharma- 
cokinetics and pharmacodynamics of ihe enamiomers of lansoprazole, the enaniinscicctivc 
pharmacokinetics ol' (he compound have been invcsiigaied in rats. 

There was n noriceuble difference between ihe serum levels of the cnaniiumcrs of 
lansoprazole and of their metabolite*, 5-hydioxy lansoprazole cnanliomers, afler oral 
administration of ihe raccmaie t50 nig ku"" ! j to rats. C lXMA (maximum serum concenrrarionj 
and AUC (area under ihe scrum concentration- lime eurve) for (-i-J-lansoprazole were 5-6 
limfts grealer than those for ( — )-lansoprazole, whereas for (/l-J-5- hydroxy lansoprazole both 
values were significantly smaller than tho.se for ihe (■ ) enantiomer. CL lm /J' valuer (where 
CL U) , is lutal clearance and F is ihe fraction of ihe dose absorbed) ibr (+)- lansoprazole 
were significantly smaller uhan those for (he ( *) enantiomer. There was no significant 
difleiciicc between the absorption rme constants of the lansoprazole enamiomers in (he in- 
shu absorption study. The in- vitro protein-binding study showed ilial binding of (-}-)- 
lansoprazole to rat serum proieins was significantly grealcr Ihnn for the ( ) enantiomer. 
The in vitro mcrabolic study showed ihui the mean metabolic ratio M5-0%) for (— )- 
lansoprazole was significantly greater than Lhai (19-8%) for ihe <+) enajuioiner in rat liver 
microsomes ar 5-6 /im lansoprazole. 

These results show dial the cnamioselcciive disposition of lansoprazole could be a 
consequence of the cnanlioselectiviry of plasma-protein binding and ihe hepatic metabo- 
lism of ihe enantiomers, 



l 

h 

t urjiiiOOfl J. Pharm. Pharmacol. 



Lansoprazole is a bcnzimidazole derivative which 
powerfully and continuously inhibits gnsuic pro- 
ton-pump 0-r'7K + ATPaw.) activity in ihe final 
Stop of gastric acid secretion in Ute piirietal cells 
(Wnllmark et al I9B.T). The ding is extensively 
metabolized in the liver and the major metabolites 
present in the plasma are 5-lvydroxykinsoprazole 
and lansoprazole sulphonc. Formation of the 5- 
hydroxy metabolite is mediated by cyiochromc 
P450 2C|y (CYP2CI9), whereas the formation of 
the snlphone is mediated by CYP3A4 (Pit-hard ct al 
1995; Sohn et id 1997). Lansoprazole h;is an 
asymmetric sulphur in the chemical sirucuirc 
(Figure I) and is administered clinically as a 
racemic mix I lire of the (+) and (- ) enamiomers. 
feacemic lansoprazole is metahrdi^cd in the liver io 
(+)• and (— j-5-liydroxylan^oprazole; the siilphonc 
mcuiholiie is achirak Because limited in formal ion 
is available about potential differences hciwccn ihe 

CorrcspnndiWi*: M. Nak-'mn, Depart muni or Piiurniiivy. 
Kuniiimnio UnivuTsity HciKpilnl, |-|-) Honjo. Kumamnin 
Kl><) K55f>, J;ipnn. 



pharmacokinetics and pharmacodynamics of the 
enamiomers of lansoprazole (Miwa et al 1990; 
Nagaya el al 1991; Kuisuki el al I996J, it is 
imporcanr io evaluate die pharmacokinetics of ihe 
individual enamiomers because ihe pharmacologi- 
cal effects or toxicity, or both, of the enaniiomcrs 
mighi be different. On die stereoselective pharma 
eokinetics of lansoprazole, there is only our rcporr 
on Ihe pharmacokinetics of ihe enamiomers in 
heahhy suhjects using a chiral stationary phase 
column, Chiralpak AS (amy lose iris^-l-phcny- 
lethylcarbamatej) for HPLC determination (Kai- 
suki et al 1096). 

This study extends our previous work on sierco- 
scleciivc_ differences beiwcciuhc pharmacokinetic 
behaviour, i.e. absoipliun, metabolism and protein 
binding, of ihe enaniioniers of lansoprazole in rais. 

Materials and Methods 

Materials 

Raeemic lansoprazole and its mctahnliie 5-hydmxy 
lansoprazole were kindly supplied by Takeda 
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Fi^uic 1. OiL'miciil MriK'Hii*:fi n|" l.iiiMipi\uulc and i-livdiuxy 
Unsopra/.nk'. ^Ahynimvliie cnHi.: 



Chemical Industries (Osaka, Japan). Other chemi- 
cals used in uhis study wrr£ nf analytical grade. 

In- vivo experiment* 

Male Wjsiar rats, 250-320 g t were lasted uvemiehi 
wiih free access m water. Under 1 lljIil ether anaes- 
thesia, lansoprazole (50 ko" 1 ; was adminis- 
tered orally as I ml. of a suspension in 0-5% 
methylcellnlnse containing 0-2C? NaHCO^ adjusted 
10 pJl 9 with 0-1 N NaOll. fllnod samples (.100 jiL) 
were, collected periodically from a em at ihe Lip of 
the tail. 

In -si in absorpt ion si i nly 

The iah were anaesthetized b\ imraperhoneal 
injection ol elltyl carhamate (methane; 1-2 li kjl '.}. 
The .small intestine was exposed by midline 
abdominal incision and ibe tipper duodenum and 
die ileocaecal junction were cannulaied uith poly- 
ethylene tubing, Intestinal absorption experiments 
were performed by a conventional in-situ recircu- 
lation method (Tnmimaru el al 1996). Lac I a led 
Ringer's solution (pH fi-5, maintained al 37* C; 
UK) ml-.) coniiiiniiu; lansoprazole (50 p\i ml-" 1 ) 
was perfused from Ihe duodenum through I he small 
intestine Lo Lhe ileocaecal junction :\\ a raid of 
SmLmin" 1 . Perfusates were collected 0 and 
60 min idler the sum of the experiment. The 
absorption rate consiaiuTk;,) was oluuined'by useof 
the equation: 



(1) 



where i is the perfusion time, C n and Cj are the 
concentrations n ' lansoprazole in the perfusates al 
i- 0 and 1 = 60 min. respectively, and V„ and V, 



are the volume of the perfusates al trO and 

1 = 60 min, respectively. 

Protcin-binclinf* study 

Protein-binding experiments were performed in 
triplicate by means of an ultrafiltration technique 
using Centrifree MPS-3 (Amicon, Danvers, MA) as 
reponed previously (Arimori & Nakano 1987). 
Brielly. >erum samples (1 mL) containing added 
rnccmic lansoprazole (6-3 //g mL ') were incu- 
bated for 30 min at 37"C. After incubation, ihe 
samples were uUraliKcred al 1000 # for 20 min al 
A"C. The fiacrinn of unbound dru& was cleicrmined 
by use of the equarinn: 

1;. = ^,/^ (2) 

where f u is the fraction of unbound drug in ihe 
serum and C M and C, arc, rcspcciivcly, the con- 
eenrnuion of unbound drug, and ihe total con- 
centration of the drug in the serum. 

Preparation of rar liver microsomes 
The liver microsomes were prepared from male 
Wisiar rats according lo a method reported else- 
where (Tsuriilu ei al 1997). All subsequent proce- 
dures were performed at 4°C or lower. After 
determination of protein concern rai ion hy the 
method ol Luwry el al (1951), a microsomal sus- 
pension was prepared at a cone cm mi ion of I- 

2 nig mir 1 and was kept at — 80"C until usrd. 

Determination of metabolic ratio 
Metabolic ratio is defined as a ratio of Ihe amount 
of each enantiomer of lansoprazole eliminated to 
ihe amount of each enantiomer added, pari of 
which was metabolized by microsomal enzymes. 
The reaction medium contained microsomes 
(0-1 inu mL" 1 ; 100 /(L), potassium phosphate 
buffer (0-3 ihm, pH 7-4; 200 ft'L}, HDTA (0-6 mM; 
100 p].) and lansoprazole (5-6 um). The mixture 
was pre-incubaLed at 37"C for 5 min and .subse- 
quently at 37 l *'C for 30 min after addition of 
NADPU-geiieraling system (NADP" 1 ", 3 mM; glu- 
cose 6-phospliate, 12 mM; glucose-G-phospliale 
dehydrogenase, 6 international units mL" 1 ; MgCU, 
24 mM; 100 ;d-)- The reaction was slopped by 
adding 3 ml. of 7:3 (v/v) diethyl ether-diehluro- 
melhane. 

Isolation and rktesmination of lansoprazole 
Isolation of rucemic lansoprazole and detent lina 
lion of lansoprazole cnantiomers in serum were 
performed by high-performance liquid chromato- 
graphy (HPLC) as reponed elsewhere (Katsuki el al 
1996). The isolation was performed on a 
250 mm x 4-0 mm i.d., 5 ;/m panicle LiChnosplier 
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IUU RP-IX(ei reversed pha*c column. The mobile 
phase was 35 : 65 aeetoniirile-waier adjusted to pi 1 
7-0 wiili phosphoric acid and containing 0- 1 % ji- 
oelylamine. 'l'hir cluatc, flow i";iie 10 niL nun -1 . 
wlis monitored for alisnrhauce ai nm and lIil- 
poriion eiuiing between 2 niin before and 2 min 
after ihe peak of racc-iiuc lansoprazole was eol- 
Iccicri. The residue from ihi.s traction was recon- 
stituted in 8:2 (v/vj ji-lwxunc-cLhunul (2UU/*Li 
and MlOyd. of Ihis solution was injected nn 10 a 
chiral JIPLC column for separation of die L-nan- 
tiomers. 

DcicniiiriuLion of lansoprazole enamiomers in 
scrum was performed by noiimil-iJliLi.se: llPI-f^ on a 
25 cm x 4*6 mm i.d. Chiralpuk AS column tDai- 
ec|, Tokyo, Japan). The HPLC mobile phj.se ^as 
8:2 (v/v) M-hexane-eihaiml; ihe How rale was 
l-U mL min' 1 . The analytical column was main- 
tained at 36*'C. 

Pharmacokinetic analysis 

Serum concentration- lime curves were analysed by 
non-linear recession analysis using a one- com 
pari mem model. The maximum serum eoncentra 
lion (C nillx ) and ihe lime required lo reach C? lrt .„ 
dmak) were nhiained graphically. The plasma eon- 
central inns of the elimination phase were used 10 
calculate the eliminaiion rate constant ik C |j by 
exponential regression analysis. The areas under 
ihe conccmrai ion-iime curves (AUC n , ) were 
calculated by a trapezoidal rule and by extrapolat- 
ing time lo iniinily by use of k r | values. 
'I 'he Lerminal hall- life was calculated by di- 
viding 0-693 by kn- The apparent tola) hocly 
clearance (Cl Mn ,/F) was calculated from 
CL, n ,/F-== dn.se/AUCn-, F being ihe fraeuon of 
the dose ahsorhed. 

Statist tea I analysis 

Results are expressed as means + s.c.m. Differ- 
ences between pharmacokinetic dala were analysed 
for statistical signilicunce by use of .Sliulent's /-rest. 
A prohahiliiy level of l'<i.U)5 was considered lu 
be indicalive of significance. 

Results 

ln-vivo study 

_Fi£ure 2. shows jhe .serum. concentration-lime pro 
liles of die euaniiomers nf lansoprazole and ius 
iiiuiabolii.e 5- hydroxy lansoprazole after oral 
adminisiraiion of raceniic lansoprazole 
(50 nig kg" 1 ) to rats. There was a noijceahle dif- 
ference between rhe serum levels of fhe enmitio- 
i iters both of lansoprazole and nf 5- 
hydroxy lansoprazole. The mean serum levels of 



(+) lansoprazole were higher ai all lime-pninls 
rhan those of (— Munsoprnzolu during Lhe experi- 
mental period and the mean serum levels of the 
metabolite, ( I )-5-hyclroxylunsoprazole were lower 
than Lhose of ( )-5-hydroxylaiLsoprazole. The 
pharmacokinetic parameters are summarized in 
Table I. C ni;ix and AUC ( ,-(, values for (+)-lanso- 
pra/ole were 5-6 times greater than lhose Ibr the 
(-) enaniiomer tP<0.()h and CL lol /F values for 
H-)- lansoprazole were signilicanrly smaller than 
those for ihe (- ) enaniiomer iP <(M)1). C lli:iJ£ and 
AUCo n lor (-h)-5-hydroxy!ansopniznle were sig- 
nificantly smaller than those for ( )-5-hydroxy- 
lansoprazole. There was nu significant difference 
between the i IIIUA values of the enantioiners. 

In situ absorption study 

Wl- investigated euuiuiohclcciiviiy in the intestinal 
absorption of lansoprazole by the in-silu recirculation 
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Figure 2. Scrum LoiKxiimiiinnHirm-* prnlilcs nf ihe niauiiuinurs 
ur b[i.sopry/.tik (A) ,'ind 5hydroxylaiiE»u|jr*jiulL: luj :ificr nml 
nf|mini.'iir»lii>ii <»f iin.triiiit: luiuupru/olc (.*>() nitf kG~'l |n ,:ilfl - 
O, (H-1-lun:.t>in:i/(i|i:; O, ( ) liinsripra/olc: U, (-H-5-liydiuxy 

IjiiMipruziiU:; El, (— 1 fMiydmxylaiiMiprHznli.'. p.m'h poim and 
har rupnw.ni lite mcau±s.i:.m. n|* iraulltf fruin six raj*. 
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Tiihk I. riK.nu.unkinciiL piirdiijcicra ol lansuprj/.nk UY\ S-hydruxylnnsnpraxuJir nliHUminer* in rat*. 
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method, There was no signiriennt difference 
be i wee 1 1 the absorption of (lit- lansoprazole en an 
liumeis. The avenge absorption rate constants (k,,) 
ol" H-)- and ( • )- lansoprazole wr-re tJ<>4 and 
0-69 h" 1 (dam not shown). 

hi-vhru prowiihbindinfi study 
The extent of cnanLioselective hindmL' of lanso- 
prazole in rai scrum w;i,s esiim;jied by an ulira- 
lihraiion technique. The ninilim;. of (+> 
lansoprazole to raL scruni was sijiniiicanily greater 
1 1 1 ri 1 1 that of ihe (—) emmtiomer t Table ?.). The 
mean unbound frneiions of i he (+} and (-) ennn- 
tioincrs were 1-2 and 4-8 c /r., respectively. 

I n -vitro nwraboiic study 

The L-iianlioseleciivc metabolism ol' lansoprazole 
by rai-liver microsomes was investigated at a 
concentration of 5-6 nM. The menu metabolic ratio 
(4,>9%) of the (-) enaiiiiuiiHT w ;) s Mjmificawly 
greater than that (I9-K%) oi' the ( + ) enaniiumer in 
■ al livrr microsomes (Table 2). 

Discussion - 

Wit have invcsiiijalctl the stcicoselcciivity of the 
pharmacnktneiics of limsopni/ole in rats after oral 
adminisirniion of raeemie lansoprazole a\ a sus- 
pension t,pH 9). The C nUA and AUC n _<-, values of 
(+)-lan.sopn/,n|e were ittiirKcdly greater matt those 
of f )-lansopi7iZole (Fi^me 2 and TabJe I), 



implying sLcrcoaelectivc absorption, distribuiion, 
metabolism or excretion of die drug. 

Although absorption of bnih enautiomers Inun 
the small intestine was relatively rapid and their 
i l)m)t values were close there was u pronounced 
difference between Lite 

^-'niax values ol the enan- 
lionicrs (the ratio C mm (+)/C m:ix (-) was 5-3), We- 
examined whether or not lansoprazole cnaiuiomers 
are absorbed enamioseleetivcly. The in-siiu 
absorption study showed no evidence of sierco- 
sclecrive absorption of lansoprazole from the 
intestine. 

The extent of binding of enautiomers to plasma 
proteins is an important factor in tissue distribution 
because only unbound drugs can permeale bio 
membranes. In-vilro and in-vivo experiments have 
shown dial lansoprazole is 91 -96% bound to 
albumin in ihc rat (Miwa et al 1990). In the current 
study (he extent of protein binding of ^-lanso- 
prazole was significantly greaier than that of ( — )- 
lansoprazole (Table 2). Therefore, ^-lansopra- 
zole which is more extensively bound to scrum 
proteins could he poorly dislri lulled and slowly 
metabolized, resulting in ihe scrum conceninuinn.s 
higher than those of (- ^lansoprazole. Conse- 
qttenrly, enaniioselcctive protein binding might 
influence the enanlioseleetivc disposition of lanso- 
prazole a Her oral adminisirniion. 

There is a possibility of stereoselectivity in the 
liver meiabolism of lansoprazole enantiomcrs lis 
reported lor oihcr proton-pump inhibitors (Ucmaisu 
et al 1994; Tyhring et al 1997). Lansoprazole is 
metabolized extensively by the liver and its pri- 
mary metabolite in die serum is 5-hydroxy- 
lansoprazole, which is also chirnl, and lansoprazole 
sulphone, widi no recovery-of the unchanged drug- 
in the urine (Tateno & Nakamura 1991). Our 
rcsulis showed that the C m:is value of 
hytlroxylansoprazole was signiiieatiily greater than 
thai of (+)-.S-hydroxylansoprazole f Figure 2), In 
addition, the metabolic ratio of ( -^lansoprazole 
was 2-3 limns greater than thai of (+>1ansoprazole 
in rai liver microsomes (Table 2). These ro.su lis 
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conlinn that mekiboiiMii of lansoprazole enantio- 
mers in Hie liver is unaiuiaseleelive. Possible chiral 
inversion between lansoprazole enamionu.-rN in the 
liver ami intestine has not yet heen studied. JellYey 
l-i ul (1^)1) reported iluii inversion of tf-t-i-ibu- 
prolen to i he S-(-) antipodc occurred in (he nit 
liver. In the din-em .study we rlkl nui e\. inline 
possible inversion because ul the unavailability ol 
adequate aiiHutnis of ihe einiiuiomefs. 

The nieiiLbulisiu ol* lansoprazole has been repoi- 
U:d 10 be dependent on CYP2CI9 activity tor 5- 
hyilroxylaiion of the. dnifi (Picliard el u\ I005i. We 
also reported LhaL hubjecis wilh genetic Hefeeis ol' 
CYP2CI9 (ml /ml and ml/m2) had lrtui-r c: m , lX 
values for 5 -hydroxy lansoprazole ihnn stihjeois 
wilh homozygous wild-iype (wi/wi) and hcicio- 
zyguic (wt/ml and wr/m2j (Katsuki al W7). 
Thus llie proiioniicwl enaniioselectivr meiaholiMn 
of ihe enanLiomcrs of lansoprazole eoukl be a 
consequence oi' different afTmiiies I'm CV1 :> 2C|° 
iso/yme. Omepni/.ole, inhibitor of Ihe *m uc proton 
pi imp as lansoprazole, i:. also metabolized to 5- 
hydroxyomeprayole mainly by OYP2Cl l J 
(Andersson et al l<H>0). Tybrin" cl al (WW) 
roponed Mini AlK: tl _ s values for (-H-nmepra/.ole in 
the poor melaboli/crs phenutyped lor CYP2C19 
were 7-5- fold those for ibe extensive meiahoh/ers. 
whereas Ihe Al IC? ( ,_ H values Ibr (-J-om^pra/ole in 
the poor meutholi/crs were only 3- 1 -fold those in 
the extensive metaboli/ers. They suggested ihaL 
H-)-omeprazole is in a major exLcnt hydroxyhied 
by CYP2CI9, whereas ( -)-omepruzole miiht he 
metabolized partly by this enzyme but mainly by 
another, presumably CYP.WI, to the achiral Mil- 
phone memboliie. This might suppori the hypolh 
esjs ihai ihe uTHnkies ol" the lansonra/nk- 
enuniiomers Ibr C YP2C 1 9 isozyme are different. 
Further studies are needed to elucidaie to uhal 
exieni each enantiomer is catalysed by other iso 
zymes in addition to CYP2CI9. 

In conclusion, ii w,is confirmed that protein 
binding and mcinbolism nf lansoprazole in die liver 
are ennnriosc leciivc and thai Ihis is responsible for 
die different pharmacokinetics of ihe cnan homers 
of lansoprazole. 
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TN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Barberich eL al. 

Serial No.: 09/854,065 «™P Art Unil: 1625 

Filed; May 11,2001 Examiner: Dentz, Bernard L 

Title: S-LANSOPRA70LE COMPOSITIONS AND METHODS 

AIT1DAV1T UNDER 37 C.F.R. §1.132 

To: Assistant Commissioner for Talents 
Washington, D.C. 2023 1 

Dear Sir: 

Thomas R. Wagler, being duly sworn does depose and say as follows: 

1 . 1 reside aL 5 Hemingway Street, Shrewsbury, Massachusetts, 01545; 

2. 1 earned a B.A. in Economics and Business Administration from Ursinus College 
in 1982, and a Ph.D. degree in Synlliethie Organic Chemistry from the Slate University of New 
York al Stony Brook in 1 988. My primary' area of responsibility for the past 12 years has been in 
commercial synthetic processes and process scale-up. 1 am presently Director -Chemical 
Process R&D Outsourcing and Services at Sepracor Inc., Marlborough, Massachusetts. Prior to 
my employment at Sepracor, 1 was (sequentially) Senior Research Investigator at Bristol-Myers 
Squibb, Lawrencevillc, NewJcrscy; Project Team Leader - Process Research Group at 
Intercardia Pharmaceuticals, Cranhury, New Jersey; and Group 1-eader - Process R&D at h'MC 

- - GorprPrineeton; New Jersey.- - - - - - ; 

3. I am a member of the American Chemical Society and the Synthetic Organic 
Chemical Manufacturers 5 Association (SOCMA); 
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4. I am Ihc author of approximately 1 1 papers in the area of pharmaceutical synthesis 
and an inventor in four U.S. patents. 



ulcers in humans. T have also reviewed the Office Action in the present case, dated April 19, 
2002, as well as the references cited therein; Von Unge PCT Application WO 97/02261 and 
Larsson PCT Application WO 06/02535. 

In support of the nonobviousness of the method and compositions claimed in the above 
application, 1 present herewith my opinion lis an expert in the area of process development: 



to undertake the studies necessary to develop a single enantiomer. 
Dis cussion 

Several techniques are available for obtaining single enantiomcrs of chiral molecules. 
Techniques that begin from a racemic mixture of isomers include physical separation by 
chromatography, classical separation by crystallization and enzymatic resolution. Separation of a 
racemate is usually unattractive because 50% of the very valuable racemic material is wasted. 
Single enantiomersTnay also he'obtaincd by synthesis, either by beginning with a compound that 
is available naturally as a single isomer or by asymmetric synthesis using a reagent that imparts 
chiral ity. In theory, synthetic methods are more attractive than separation because one can, in 
principle, obtain yields above 50%. The following observations may be made with respect with 
each of these techniques: 



5. 1 have reviewed and do understand the contents of the above-identified 
application, which is directed to methods employing pure S-(-)-lansoprazole for the treatment of 



Summary 

Developing a single enantiomer of a racemic drug for Iherapy is complicated and 
expensive. 1 Tnless the person of skill expecls a clear advantage, he/she would not be motivated 
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Chiral chiomaioumphy is generally not attractive on a scale Urn would be adequate to 
conduct a clinical trial- The maximum theoretical yield is 50%, and yields above 45% are 
seldom encountered. The cost of the stationary phase is usually quite Wflh and the stationary 
phase has a limited useful life. Chromatography on large scale requires enormous amounts of 
solvent, which, in the case of organic solvems leads to high initial cost and to waste disposal 
problems. Separation is limited by Ihe ability of available slaiionary phases to resolve the 
particular isomers of interest, and there is usually a nadc-off between enantiomeric excess and 
yield. Finally, chromatography as a final step ofa synthesis of an active drug principal presents 
problems because of the impurities that commonly bleed off columns after repeated or prolonged 



use. 



Classical resolution by diastereomeric salts, like chiral chromatography, limits the 
maximum yield to a theoretical 50%. In practice, 50% yield is never achieved in a simple 
resolution without recycling the undesired isomer through a laccmizuiion process. The method is 
further limited in that only acidic or basic materials can be resolved by their diastereomeric salts. 
Lansoprazole presents particular problems in this regard. The compound is basic, but exposing it 
to acid to form a salt induces a rearrangement of the sulfoxide to form an achiral pyridinium 
sulfanamide. The skilled artisan would expect that finding an appropriate acid to resolve 
lansoprazole would be dillicult at best, and there is no guarantee it is even possible. The 
problem has been partly circumvented in the- case of omeprazole by preparing a neutral 
diastereomeric aminoacela) and carrying out the resolution on the aminoacelal, then hydrolyzing 
the acetal. I Inwever, as slated in PCT WO "7/02261 , this method suffers from at lensl three 
fundamentaldisad vantages: - 

1 . The substituted 2-(2-pyridinylmethylsu1phinyl)-lil-benzimidazole, as a racemic 
intermediale, has to be further processed in a couple ofreaction steps before the single 
enantiomers can be obtained. 
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2. The resolution processes involve complicated separation steps. 

3. There is a large waste of highly refined material when the unwanted stereoisomer, 
in the form of the opposite diastereomer, is discarded. 

PCT application WO 07/02261 (von Unge) describes a variation on the crystallization 
theme. In this case, unon-racemic mixture of the isomers of lansoprazole is crystallized from 
acetonilrile. The racemate is the least soluble component and cryslallizcs out preferentially, 
leaving a mother liquor substantially enriched in whichever enantiomor predominated in the non- 
racemic mixture. This is an unattractive process for at least three reasons: (1) It requires a 
synthetic route to a non-racemic mixture of L-natitiomers. (2) Tn the example given (Example 1 1 ) 
1 .2 g of non-racemic lansoprazole provided 0.63 g of S-lansoprazolc. Tims the yield from a 
very dear starting material was 53%. (3) Finally, the 99% optically pure product is provided as an 
oil. It still has to be crystallized in a subsequent siep - with the attendant farther loss of material. 

Enzymatic resolution is described in PCT application WO 96/17077 (Graham) for 
producing single enanliomers of sulfoxide proton pump inhibitors. Table 7 (page 19) discloses 
that lansoprazole was bioreduced in 96% yield (i.e. 48 mg from 100 mg of racemale), but ihe 
enantiomeric excess was only 58%. The reaction was carried am ar a substrate concentration of 
0.1 g per liter (0.01%). This process illusiraies two of the major problems of enzymatic 
resolution: enzymes are highly substrate specific; finding an enzyme that converts a given 
synthetic substrate in high e.c is very much hii-or-miss: and the incubation must usually be 
carried out at an unatxractively low concentration. This leads to expensive, complex recovery 
proccsses7 large" amounts of waste to dispose of ahd> in The ease of lansoprazole, a product of very 
low optical purity. 

Synthesis rfe novo from the chiral pool available in nature is limited to compounds that 
can be derived by a convenient synthesis from cheaply available natural slarting materials. There 
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arc no such syntheses or starling materials for any proTon pump inhibitors. Presumably this is 
because naturally available materials having chiraliiy ai a sulfoxide bond arc extremely rare. 

Asymmetric synthesis is generally the most attractive route for obtaining single 
enattfiomers of synlheLic malerials. PCT application WO 96/02535 and its US counterpart, US 
patent 5,948,789, describe a chiral oxidation of the sulfide precursor of lansoprazole to 
lansoprazole. The process begins wilh 2. 1 g of sulfide and ends up with 0.63 g (29%) of S- 
lunaoprazolu, as an oil, alter chromatography and repeated crystallization from acclonUrilc (see 
above). Raeemic lansoprazole is a solid having a melting point of 149-1 50°C (US patent 
5,045,^2 1 , column 1 2, line 1 9). This suggests that the material recovered in 29% yield after an 
arduous process is slill not chemically pure. Moreover, since oils are not readily formulated for 
dosage forms, one would want to crystallize the oil in some fashion to prepare a medicament, 
even if it were pure. One of skill would conclude that, like many asymmetric syntheses, the 
synthetic process described in the '789 patent might be serviceable for academic purposes, but 
one would only consider it as a storting point for a practical process if there were some 
compelling advantage to the use of a single enanu'omcr. 

In summitry, there are no good processes for producing either pure enantiomer of 
lansoprazole if one is envisioning its use in human therapy. The lileraluro at the time of ihc 
applicants' invention indicated no therapeutic advantage to either enantiomer. More importantly, 
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the literature expressly laughr the complete therapeutic equivalence of the two enantiomcrs. In 
the face of this, the person of skill in the art »ould not he motivated to attempt to separate the 
cnamiomei* for the claimed purpose of administering a single pure enamiomcr to a human. 



Affiant 



Subscribed and sworn to before 
me this day of January 2003 



Notary Public 
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